Background: The genus Asphodeline (Liliaceae) is represented in Turkey by 20 taxa, which are traditionally used for medicinal purposes in Anatolia.
Introduction
Free radicals, especially reactive oxygen species (ROS), are highly unstable molecules; react with various organic substrates such as lipids, proteins, carbohydrates and DNA. The excessive production of free radicals is called "oxidative stress" and can result in serious diseases including cancer, atherosclerosis, rheumatoid arthritis and neurodegenerative diseases (Arouma, 2010) . Defense against oxidative stress is therefore very important in preventing the development of diseases mentioned. Antioxidants are vital substances which possess the ability to protect the body from the damage caused by these radicals (Silva et al., 2005) . Hence, it has been suggested that there is an inverse relationship between dietary intake of antioxidants and the incidence of the diseases related to oxidative stress (Rice-Evans et al., 1997; Lu and Foo, 2000) . Although synthetic antioxidants such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), propyl gallate (PG) are commonly used for food processing, their toxic properties and unwanted side effects limit their widespread use (Lindenschmidt et al., 1986; Kehrer and DiGiovanni, 1990) . For this reason, there has been a particular interest in the potential health benefits of natural antioxidants in medicinal and aromatic plants. In fact, many functional phytochemicals such as phenolics, flavonoids and carotenoids possessed powerful antioxidant activities (Wang et al., 2013) The genus Asphodeline belongs to the Liliaceae family and is present in south-west of Asia, Middle-Eastern countries and Mediterranean region. The genus comprises of 14 species worldwide. In Turkey, this genus represented by 20 taxa and 11 of them are endemic to Turkey (Mathews and Tuzlaci, 1984; Tuzlaci, 1987) . The high number of endemics shows that Turkey is one of the gene centre of this genus. The Asphodeline species are known as çiriş plants and are abundant especially in the mountains and steppes of inner Anatolia region of Turkey. Besides their attractive flowers, many of the Asphodeline genus have significant applications in Anatolia traditional medicine. For example, A. damascena and A. cilicica are used for treatment of earaches. Likewise, A.globifera is used as a medicament for alleviating haemorrhoids symptoms, A. lutea and A. taurica are consumed in salads (Tuzlaci, 1985) . Owing to their potential use in different purposes, several studies focused on secondary metabolites especially antraquinones, sesquiterpene and naphthalene components of Asphodeline species (Ulubelen et al., 1988; Ulubelen et al., 1989; Todorova et al., 2010) . However, no scientific studies are reported on the antioxidant properties of different solvent extracts obtained from different parts of Asphodeline anatolica, which is endemic to Turkey.. The aim of the present study was to evaluate on total antioxidant components, antioxidant potentials, free radical scavenging activities, reducing power activities and metal chelating abilities of extracts from parts of A. anatolica in order to understand the usefulness of this plant as a foodstuff as well as in medicine in food and pharmaceutical industries. This study creates a scientific basis for ethnopharmacological use of Asphodeline species in the Anatolian traditional medicine. min, Na 2 CO 3 solution (0.75 mL, 1%) was added and the sample absorbance was read at 760 nm after 2 hrs incubation at room temperature. The total phenolic content was expressed as equivalents of gallic acid (mgGAEs/g).
Total flavonoid content
The total flavonoid content was determined using the Dowd method as adapted by Berk et al. (2011) . Briefly, sample solution (1 mL) was mixed with the same volume of aluminium trichloride (2%) in methanol. Similarly, a blank was prepared by adding sample solution (1 mL) to methanol (1 mL) without AlCl 3 . The sample and blank absorbances were read at 415 nm after a 10 min incubation at room temperature. The absorbance of the blank was subtracted from that of the sample. The total flavonoid content was expressed as equivalents of rutin (mgREs/g).
Total saponins content
The total saponins content was determined by the vanillin-sulfuric acid method (Aktumsek et al., 2013) . Sample solution (0.25 mL) was mixed with vanillin (0.25 mL, 8%) and sulfuric acid (2 mL, 72%). The mixture was incubated for 10 min at 60°C. Then the mixture was cooled for another 15 min, followed by the sample absorbance measurement at 538 nm. The total saponin content was expressed as equivalents of Quillaja (mgQEs/g).
Total condensed tannin content
The total condensed tannin content was determined by the vanillin method (Bekir et al., 2013 ) with slight modification. Sample solution (0.5 mL) was mixed with vanillin reagent (1.5 mL, 1% in 7 M H 2 SO 4 ) in an ice bath and then mixed well. Similarly, a blank was prepared by adding sample solution (0.5 mL) to 7 M H 2 SO 4 (1.5 mL). The sample and blank absorbances were read at 500 nm after a 15 min incubation at room temperature. The absorbance of the blank was subtracted from that of the sample. The total condensed tannin content was expressed as equivalents of (+)-catechin (mgCEs/g).
Total flavanol content
The total flavanol content was determined by employing the methods given in the literature (Quettier-Deleu et al., 2005) with slight modification. Sample solution (0.25 mL) was added to 5 ml of 0.1% DMACA (p-dimethylaminocinnamaldehyde) in methanolic:HCl ( ratio of 3:1) reagent. The sample absorbance was read at 640 nm after 10 min incubation at room temperature. The total flavanol content was expressed as equivalents of (+)-catechin (mgCEs/g).
Radical scavenging activity Free radical scavenging activity (DPPH)
The effect of the samples on 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical was estimated according to Sarikurkcu (2011) . Sample solution (1 mL) was added to a 4 ml of a 0.004% methanol solution of DPPH. The sample absorbance was read at 517 nm after a 30 min incubation at room temperature in dark. The DPPH radical scavenging activity was expressed as equivalents of trolox (mgTEs/g).
ABTS (2,2 Azino-bis (3-ethylbenzothiazloine-6-sulfonic acid)) radical cation scavenging activity
The scavenging activity aganist ABTS cation radical was measured according to the method of Re et al. (1999) with slight modification. Briefly, ABTS .+ radical cation was produced directly by reacting 7 mM ABTS solution with 2.45 mM potassium persulfate and allowing the mixture to stand for 12-16 in dark at the room temperature. Prior to beginning the assay, ABTS solution was diluted with methanol to an absorbance of 0.700±0.02 at 734 nm. Sample solution (1 mL) was added to ABTS solution (2 mL) and mixed. The sample absorbance was read at 734 nm after a 30 min incubation at room temperature. The ABTS radical cation scavenging activity was expressed as equivalents of trolox (mgTEs/g).
Reducing power Cupric ion reducing (CUPRAC) method
The cupric ion reducing activity (CUPRAC) was determined according to the method of Apak et al. (2006) . Sample solution (0.5 mL) was added to premixed reaction mixture containing CuCl 2 (1 mL, 10 mM), neocuproine (1 mL, 7.5 mM in ethanol) and NH 4 Ac buffer (1 mL, 1 M, pH 7.0). Similarly, a blank was prepared by adding sample solution (0.5 mL) to premixed reaction mixture (3 mL) without CuCl 2 . Then, the sample and blank absorbances were read at 450 nm after a 30 min incubation at room temperature. The absorbance of the blank was subtracted from that of the sample. CUPRAC activity was expressed as equivalents of trolox (mgTEs/g).
Ferric reducing antioxidant power (FRAP) method
The FRAP assay was carried out as described by Aktumsek et al. (2013) with slight modification. Sample solution (0.1 mL) was added to premixed FRAP reagent (2 mL) containing acetate buffer (0.3 M, pH 3.6), 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ) (10 mM) in 40 mM HCl and ferric chloride (20 mM) in a ratio of 10:1:1 (v/v/v). Then, the sample absorbance was read at 593 nm after a 30 min incubation at room temperature. FRAP activity was expressed as equivalents of trolox (mgTEs/g)
Total antioxidant activity Phosphomolybdenum method
The total antioxidant activity of the samples was evaluated by phosphomolybdenum method according to Berk et al. (2011) with slight modification. Sample solution (0.3 mL) was combined with 3 mL of reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The sample absorbance was read at 695 nm after a 90 min incubation at 95°C. The total antioxidant capacity was expressed as equivalents of trolox (mgTEs/g)
-carotene-linoleic acid method
In this assay antioxidant activity is determined by measuring the inhibition of the volatile organic compounds and the conjugated diene hydroperoxides arising from linoleic acid oxidation (Sarikurkcu et al., 2012) with slight modification. A stock solution of -carotene-linoleic acid mixture was prepared as following: 0.5 mg -carotene was dissolved in chloroform (1 mL, HPLC grade). 25 µL linoleic acid and 200 mg Tween 40 was added. Chloroform was completely evaporated using a vacuum evaporator. Then 100 mL of oxygenated distilled water was added with vigorous shaking; 1.5 mL of this reaction mixture was dispersed to test tubes and sample solution (0.50 mL, 1 mg/mL) were added and the emulsion system was incubated for up to 2 h at 50 C. The same procedure was repeated with the standards (BHA, BHT and trolox) and a blank. After this incubation period, the sample absorbance was read at 490 nm. Measurement of absorbance was continued until the color of -carotene disappeared. The bleaching rate (R) of -carotene was calculated according to Eq. (1).
Where, ln=natural log, a=absorbance at time 0, b=absorbance at time t (30, 60, 90, 120 min). The antioxidant activity (AA) was calculated in terms of percent inhibition relative to the control using Eq. (2).
Metal chelating activity on ferrous ions
The metal chelating activity on ferrous ions was determined by the method described by Aktumsek et al. (2013) . Briefly, sample solution (2 mL) was added to FeCl 2 solution (0.05 mL, 2 mM). The reaction was initiated by the addition of 5 mM ferrozine (0.2 mL). Similarly, a blank was prepared by adding sample solution (2 mL) to FeCl 2 solution (0.05 mL, 2 mM) and water (0.2 mL) without ferrozine. Then, the sample and blank absorbances were read at 562 nm after 10 min incubation at room temperature. The absorbance of the blank was subtracted from that of the sample. The metal chelating activity was expressed as equivalents of EDTA (mgEDTAs/g).
Results and Discussion
Evaluation of antioxidant properties of plants cannot be performed accurately by any single method due to complex nature of phytochemicals (Du et al., 2009) . Accordingly, we different antioxidant capacity assays, including free radical scavenging (DPPH and ABTS), reducing power (FRAP and CUPRAC), metal chelating, phosphomolybdenum and β-carotene/linoleic acid test system were used to analyze the antioxidant capacity of the anatomical parts of A. anatolica.
Antioxidant components
Plant phenolics, flavonoids, tannin and saponins represent major groups of plant constituents that work predominantly as powerful antioxidants or scavenger of free radicals. In the present study, solvents with different polarities (acetone, methanol and water) were used to extract antioxidants from A. anatolica. It is expected that using different solvents, there would be various amounts of phenolics and non-phenolics such as saponins (Sun and Ho, 2005) . The total antioxidant components namely phenolic, flavonoid, flavanol, tannin and saponin contents in the various extract of different parts of A. anatolica were presented in Table 1 . Our results revealed that the acetone extract of seed had higher total phenolic content (67.01 mgGAEs/g) followed by acetone extracts of stem (56.53 mgGAE/g) and root (55.81 mgGAE/g). As regards the flavonoid content, the results obtained from evaluation of total flavonoid content indicated great variations. In acetone extracts, the content of flavonoid compounds as rutin equivalents were notably higher than methanolic and water extracts studied. Acetone extract of leaves contains the highest level flavonoid concentrations (58.13 mgRE/g). The lowest flavonoid concentration was measured in water extracts studied. From our results, it was apparent that the total phenolic and flavonoid content were dependent on extraction solvents and their polarity. Total flavanol content of the extracts was examined using a colorimetric DMACA method. Similar to phenolic and flavonoids, the results of quantitative analysis revealed that higher level of flavanol was observed in acetone extracts. The flavanol content of acetone extracts ranged from 0.70 to 1.51 mgCEs/g, whereas that of water extracts ranged from 0.30 to 0.5 mgCEs/g. It was in agreement with previous studies, which also found that acetone extracts obtained plant species contained the highest amount of phenolic compounds (Zhao et al., 2006) . Condensed tannin content was detected using the vanillin-HCl assays and these results were evaluated as catechin equivalents (mgCEs/g). Table 1 shows that the methanolic extract of seed contain large amounts of tannin (4.39 mgCEs/g), which was very similar to the value of methanolic extract obtained from leaves (4.36 mgCEs/g). As to total saponin content, root extracts showed the highest saponin content in different anatomical parts tested in this study, followed by leaves, stem and seed, respectively. Moreover, the total saponin content decreased in the following order: acetone>methanol>water. According to our study, acetone is the best solvent for the extraction of antioxidant components from A. anatolica.
Free radical scavenging activities
The free radical quenching abilities of different parts of A. anatolica were tested by DPPH and ABTS assays. The activities were evaluated as trolox equivalents (mgTEs/g) (Figure 1 ). The DPPH is stable free radical, it can be readily undergo scavenging by an antioxidant that loses this absorption on accepting an electron or a free radical species (Wang et al., 2013) . In DPPH assay, seed and root extracts had stronger scavenging activity. As expected, acetone extracts exhibited superior scavenging activity than other solvent extracts. Among all the organs tested, acetone extract of seed exhibited the highest scavenging activity with the highest TE value of 38.55 mg/g, followed by stem, root and leaves, respectively. The lowest DPPH scavenging activity was observed in water extract of leaf with very low TE value of 14.74 mg/g. The results for superior DPPH radical scavenging activity of acetone extracts could be explained by presence of greater concentration of phenolics in these extracts.
ABTS is one of the radicals generally used for testing the preliminary radical quenching activity of plant extracts. The ABTS radical scavenging activity assay is presented as an excellent tool for determining the hydrogen donating and chain-breaking capacity of plant extracts (Leong and Shiu, 2002). On ABTS assay, TE values were as follows: 52.55 mgTEs/g to 120.55 mgTEs/g for extracts of root, 55.21 mgTEs/g to 107.74 mgTEs/g for extracts of seed, 69.6 mgTEs/g to 104.78 mgTEs/g for extracts of stem and 46.34 mgTEs/g to 72.36 mgTEs/g for extracts of leaf ( Figure 1 ). In compared extracts tested, acetone extracts obtained from A. anatolica parts had higher quenching capacity than methanolic and water extracts. Interestingly, the methanolic extract of root had the grater ABTS radical scavenging capacity than acetone extract (120.55 mgTEs/g and 109.12 mgTEs/g extract, respectively). These results were in agreement with Wang et al. (2013) and Khan et al. (2012) who found a strong correlation between DPPH and ABTS assay. Likewise, many literatures reported show a strong relationship between the total phenolic content and the free radical scavenging activity of plant extracts (Shabir et al., 2011; Gonçalves et al., 2013; Othman et al., 2007) .
Reducing Power Activity by FRAP and CUPRAC assays
Fe 3+ or Cu 2+ reduction are often used to measure electron donation activity which is an important mechanism of antioxidants. Therefore, in order to assess the electron-donating powers of A. anatolica extracts, theirs ability to reduce Fe(III) and Cu(II) were investigated. The reducing activities of extracts studied are presented in Figure 2 . The results are expressed as trolox equivalents (mgTEs/g extract). High values of TEs are indicative of high reducing activity. FRAP assay is based on the reduction of Fe (III)/TPTZ complex to the ferrous form (Fe(II)/TPTZ) in the presence of antioxidants. Generally, the highest FRAP activity was obtained for the acetone extracts and the lowest for water extracts. The CUPRAC assay is based on the reduction of Cu(II) to Cu(I) by antioxidants present in the plant extracts using copper(II)-neocuproine reagent as the chromogenic oxidant. The Cu(I)-neocuproine complex has an absorption maximum at 450 nm (Apak et al., 2006) . The cupric reducing ability of the extracts tested was in order of acetone>methanol>water; the same trend shown by FRAP assay. For all the anatomical parts, the acetone extract of seed had the best of ferric and cupric reduction potentials. The antioxidant mechanism for ferric and cupric reducing power of acetone extracts might be due to the high level of phenolic compounds that act as electron donors. A similar correlation between the reducing power and total phenolic content of various solvent extracts were reported by Gonçalves Total antioxidant capacity by Phosphomolybdenum and β-carotene/linoleic acid bleaching assays Phosphomolybdenum assay was described by Prieto et al. (1999) as cheap, easy and rapid for the evaluation of total antioxidant capacity of plant extracts. In the presence of antioxidant, Mo(VI) is reduced to Mo(V) and forms green phsosphate-Mo(V) complex which has its maximum absorption at 695 nm. Higher activity of 513.56, 469.89 and 438.32 mg TEs/g extract was observed acetone extract of stem, methanolic extract of leaf and acetone extract of seed, respectively ( Table 2 ). The higher activity in acetone extracts were may be due to high contents of antioxidant components, especially phenolics. Our results are supported by other investigations (Prasad et al., 2009; Jayaprakasha et al., 2008) . Lower activity was noted for water extracts compared to acetone and methanolic extracts (expect for seed).
The total antioxidant capacity was also evaluated by using β-carotene/linoleic acid bleaching assay. The assay evaluated by the activity to neutralize the linoleate-free radical and other free radicals formed in the system which attack the highly unsaturated β-carotene models (Barros et al., 2009 ) and these results are depicted in Table 2 . As expected, acetone extracts exhibited significantly stronger antioxidant activities (82.71-90.46%) than methanolic (72.27-89.42%) and water extracts (44.37-77.48%). When compared with the inhibition values of positive controls, including BHA (86.36%), BHT (97.07%) and trolox (89.34%), the acetone extract of leaf (90.46%) had higher value than BHA and trolox, but lower than BHT. Therefore, the acetone extracts can be considered as inhibitors safer than synthetic antioxidants for lipid oxidation in the food industry. In water extracts, the maximum activity was shown by stem, which was 77.48%. As far as our literature survey could as certain, there is no study on inhibition against linoleic acid oxidation of Asphodeline. Therefore, this study is the first in this area.
Ferrous ion-chelating ability
Iron is known as the most important lipid oxidation pro-oxidant due to its high reactivity. In this direction, the ability of substances or plant extracts to chelate iron can be important mechanism for antioxidant property (Manian et al., 2008) . We therefore assessed the ferrous ion chelating capacity of extracts by measuring Fe +2 -ferrozine test system. The results are expressed as EDTA an equivalents, which is known as an excellent chelator and summarized in Figure 3 . From the figure, it is clear that chelating powers of water extracts were higher as compared to the other two extracts. Water extract of stem (44.62 mgEDTAs/g extract) had the strongest metal chelating activity, while acetone extract of seed (16.13 mgEDTAs/g extract) showed lowest activity among the extracts tested. In this case, no correlation was found between iron chelating capacities and phenolic content for A. anatolica extracts. This may indicate the presence of non-phenolic antioxidants, such as ascorbic acid and citric acid responsible for metal chelation (Lee et al., 2004) .
Conclusion
In conclusion, our investigation on different parts of A. anatolica endemic to Turkey, indicate, that acetone extracts are rich sources of antioxidants, with significant high level of phenolic and flavonoid content. All anatomical parts studied possess antioxidant potentials; however, the extracts from seed and root exhibited good antioxidant activity in test systems used compared to stem and leaf. Therefore, the present study suggests a basis for the possible use of A.anatolica as alternative natural antioxidants for nutraceutical, functional food and pharmacological applications. Our study is the first report of in vitro antioxidant activity of A.anatolica. The present study forms a scientific basis for the use of Asphodeline species in traditional medicine. Further studies are needed to identify the antioxidant components and to investigate the antioxidant efficacy of A.anatolica in vivo.
